Abstract-In many cases it is desirable to achieve a sharp decay (cutoff) of the far field in the shadow domain. For the purpose, electrically thin semitransparent screen with a smooth impedance profile has been considered. Within the geometrical optics approximation the profile is synthesized analytically. The approximation is valid for a distance from the source to the screen that is much larger than the wavelength; the respective impedance is pure resistive. For shorter distances the geometrical optics is not valid and a numerical optimization procedure is applied; the impedance occurs to be complex. It is shown that it is the distance from the source to the screen that defines the achievable cutoff: for the distances on the order of 10 . . . 20 wavelengths, a 40 dB cutoff is achievable within an angular sector of +/ − 10 degrees around a desirable light-shadow boundary, at 0.5 . . . 1 wavelength distances the related figure is 20 dB. The screen is realized in the form of a grid, with the characteristic period being much smaller than the wavelength. The approach is relevant to electromagnetic interference, radar and satellite positioning.
INTRODUCTION
In many cases it is desirable to achieve a sharp decay (cutoff) of the far field outside the angular domain of interest. For short, and employing the optical analogy, we call the undesirable domain as a shadow domain. For antenna and microwave areas the problem is relevant to electromagnetic interference, jamming and satellite positioning; for the latter case the cutoff of the antenna gain pattern for directions below local horizon defines the potential error to positioning [1] . Consider Fig. 1 . Here 1 is a source of radiation and 2 is a perfectly conductive half-plane; the half-plane is infinite in the direction z < 0. Next, I is the open space domain and II is the shadow domain. For x > b, the x-axis is a light-shadow boundary. The decay of the far field in the shadow domain versus the angular distance from the light-shadow boundary is proportional [2] to the Fresnel integral. However, as was discussed in [3] , by performing a smooth transition from domain I to II without a distinct light-shadow boundary the speed of decay of the fields could be enhanced. Similar approach has been utilized [4, 5] for parabolic antennas, but no cutoff pattern considerations have been presented.
The paper is a continuation of [3] . We consider the 2-dimentional model shown in Fig. 2 . As opposed to Fig. 1 , the screen 2 consists of two portions: a perfectly conductive portion shown by a solid line and a semi-transparent portion shown by a dashed line. The semi-transparency is characterized [6] by a grid impedance Z g (z) distributed over the sheet. The goal is to synthesize Z g (z) for a given radiation pattern of the source such that a cutoff of the pattern for θ e < 0, x > b is achieved.
The impedance is assumed complex with ReZ g (z) > 0. It is assumed that for z → +∞ Z g (z) → ∞ holds such that a smooth transition to open space is assured. Opposite, for z → −∞ Z g (z) → 0 and the semi-transparent portion transforms into a perfect conductor. Below, the geometrical optics approximation is employed to determine Z g (z) in the case of b λ (where λ is a wavelength). Then, for smaller b a numerical optimization procedure is discussed. The potential implementation is illustrated with electromagnetic CAD software. 
GEOMETRICAL OPTICS AND NUMERICAL SYNTHESIS PROCEDURE
Consider Fig Consider the case such that b λ. Within the geometrical optics approximation the cylindrical wave arriving from the source diffracts on the semi-transparent screen similar to a locally plane wave. Then, for some coordinate z at the screen surface one writes:
Here θ z = arctan(b/z), T is the local transmission coefficient. The latter is
For the {H−; E−} polarization with the vector H( E) perpendicular to the drawing plane one writes W = η 0 {sin θ z ; 1/ sin θ z } respectively. In the latter η 0 = 120π Ohm. Now we define the pattern transformation coefficient γ (θ) such that
The coefficient that is assumed to be pure real. In the open space domain γ (θ) = 1; in the shadow domain γ (θ) = 0; in the transition domain γ (θ) smoothly changes from unity to zero. Solving (1)
The validity of (4) has been checked by solving the exact integral equation [7] Gj
Here G is the Green function, E τ is the field radiated by the source, j e is the equivalent electric current of the screen. Two line currents perpendicular to the drawing plane of Fig. 2 were taken as the source. The currents were {magnetic; electric} for the two polarizations respectively. For d λ and I 2 = −I 1 e −ikd = −Ie −ikd/2 the source forms a cardioid pattern F (θ) = (1 + cos (θ))/2. Here k = 2π/λ. In (5), the impedance Z g (z) was taken from (4) with α = 10 • . The Equation (5) has been solved by method of moments similar to [7] . Figure 3 illustrates the achievable pattern F 1 (θ) for various distances from the source. The desired pattern F d (θ) is shown by a dashed line. As seen, for b ≥ 30λ the impedance Z g (z) defined by (4) allows to obtain the pattern that differs from F d (θ) by about −40 dB in the transition and shadow domains, however for shorter distances the approximation (4) is not acceptable. To obtain Z g (z) for shorter distances b, the numerical optimization procedure on MATLAB has been developed. The procedure minimizes the norm F 1 − F d by varying Z g (z); at each step, for a given Z g (z) the solution of (5) was used to calculate F 1 (θ). The formulae (4) was used as the initial approximation to Z g (z). The down up ratio DU (θ e ) = |F (−θ e ) /F (θ e )| is of interest in many applications. Fig. 4 illustrates the realizable DU (θ e ) for various distances b along with the corresponding profiles of Z g (z) for the H-polarization. The case of the E-polarization is similar and is omitted for the sake of brevity.
As 
IMPLEMENTATION EXAMPLE
We take a patch antenna over a ground plane as an example. Configuration of the antenna and the screen is shown in Fig. 5 . The antenna pattern is shown in Fig. 6 as marked by dots. The screen is one wavelength apart from the antenna. CST software has been employed. To perform the comparison with the modelling of the previous sections, the software has been used in 2-dimensional mode such that the system under consideration is periodic in the direction of the y-axis. Calculated results are shown in Fig. 6 . in comparison to MATLAB code of above. As seen, a good agreement has been achieved. 
CONCLUSION
To achieve a cutoff of the far field in the shadow domain, a semitransparent screen has been considered. It has been shown that it is the distance from the source to the screen that defines the achievable cutoff. For distances that are much larger than the wavelength, the impedance of the screen has been synthesized analytically employing a geometrical optics approximation. Here, the screen is pure resistive and for distances of about 20 wavelengths a cutoff of 40 dB or better is achievable within an angular sector of +/ − 10 degrees around a desirable light-shadow boundary. For smaller distances starting from 0.5 wavelength the cutoff of 20 dB has been achieved; with the latter the impedance of the screen having both real and imaginary portions.
